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1^ (57) Abstract: Disclosed is a near-field exposure method and apparatus, a near-field exposure mask, and a device manufacturing 
^5 method, wherein exposure is carried out on the basis of near field light Specifically, the near- field exposure method disclosed is 
arranged so that a pressure difiference is applied to between a front face and a rear face of an elastically deformable exposure mask 
to cause deformation of the exposure mask in accordance with a substrate to be exposed and to cause the exposuie mask surface to 
follow a surface irregularity state of the substrate such that these surfaces are closely contacted to each other, for exposure based on 
near field light. The pressure difiference applied to between the front and rear faces of the exposure mask is set at a predeternmined 
pressure difference corresponding to surface roughness of the substrate to be exposed. 



wo 2005/015311 



- 1 - 



10/529893 



'CT/JP2004/011648 



FTO 01 APR 2005 



DESCRIPTION 



NEAR-FIELD EXPOSURE METHOD AND APPARATUS, 
NEAR-FIELD EXPOSURE MASK, AND 
DEVICE MANUFACTURING METHOD 



10 



[TECHNICAL FIELD] 

This Invention relates to a near- field 
exposure method, a near- field exposure apparatus, 
a near-field exposure mask, and a device 
manufacturing method. 



[PRIOR ART] 

Increasing capacity of a semiconductor 
15 memory and increasing speed and density of a CPU 
processor have inevitably necessitated further 
improvements in fineness of microprocessing 
through optical lithography. Generally, the limit 
of microprocessing with an optical lithographic 
20 apparatus is of an order of the wavelength of a 
light source used. Thus, the wavelength of a 
light source used in optical lithographic 
apparatuses has been shortened more and more, by 
using a near ultraviolet laser, for example, and 
25 microprocessing of 0.1 ]im order is enabled. 

While the fineness is being improved in 
the optical lithography, in order to assure 
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microprocessing of 0.1 iim or narrower, there still 
remain many unsolved problems such as further 
wavelength shortening of a light source, 
development of lenses usable in such wavelength 
5 region, and the like. 

As one method for solving such problem, 
U.S. Patent No. 6,171,730 proposes a near-field 
exposure method for performing exposure on the 
basis of near field light. The method and 

10 apparatus disclosed in the aforementioned U.S. 
patent is very useful and it makes a large 
contribution to the technical field to which the 
present invention pertains. In this near-field 
exposure method, an exposure mask being 

15 elastically deformable is used, and a pressure 
difference is applied to between the front face 
and the rear face of the exposure mask to cause 
deformation thereof with respect to a substrate to 
be exposed, whereby the mask and the substrate are 

20 closely contacted to each other and whereby the 

substrate is exposed with near field light. More 
specifically, an elastically deformable exposure 
mask is supported at a sufficiently close distance 
to a substrate to be exposed and, in order to 

25 cause deformation of the mask, first the pressure 
in one of the spaces at opposite sides of the mask 
that faces a light source side is increased as 
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compared with the pressure In the space that faces 
the substrate to be exposed. As the pressure 
difference between the front and rear faces of the 
exposure mask gradually Increases due to the 
5 pressure Increase, the mask Is deformed and a 
portion thereof swelling In a convexed shape 
toward the substrate to be exposed is brought Into 
contact with the substrate. As the deformation 
grows, the area of engagement with the substrate 

10 Increases. The pressure Is Increased until the 
mask Is brought into contact the whole of a 
predetermined exposure region, and the exposure Is 
carried out In a state in which the mask is in 
contact the whole exposure region. 

15 Since the mask is deformed and is 

gradually brought into contact with the substrate 
to be exposed, as described above, it is necessary 
that, even if the substrate to be exposed has a 
surface irregularity, the mask could be deformed 

20 to follow it and the mask could be closely 

contacted to the whole of the exposure substrate. 
The mask should be elastically deformable to the 
extent that close contact of an order not greater 
than 100 nm, required for the near field exposure, 

25 can be accomplished. In the aforementioned U.S. 
patent, a mask having a base material made from a 
silicon nitride thin film of a thickness of 0.1 iim 
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to 100 pm Is used. 

In the near- field exposure method 
disclosed in the aforementioned U.S. patent. If 
the substrate to be exposed has a surface 
5 Irregularity as described above. It Is necessary 
that the mask Is deformed to follow the surface 
Irregularity and is brought into close contact 
with the whole of the substrate. Conventionally, 
however. It has not yet been made clear that what 

10 pressure difference should be applied to between 
the front and rear faces of the exposure mask as 
an appropriate pressure for obtaining close 
contact suitable for the near field exposure. 
Also, an appropriate mask thickness for obtaining 

15 close contact suitable to the near field exposure 
has not yet been made clear. 



[DISCLOSURE OF THE INVENTION] 

It is accordingly an object of the 

20 present invention to provide a near-field exposure 
method, a near-field exposure apparatus, a near- 
field exposure mask and/ or a device manufacturing 
method, by which, for performing near field 
exposure while deforming an elastlcally deformable 

25 exposure mask in accordance with a substrate to be 
exposed, the mask can be controlled to follow the 
surface Irregularity of the substrate to be 
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exposed such that close contact suited to the near 
field exposure can be attained. 

The present invention can provide a 
near-field exposure method, a near-field exposure 
5 apparatus, a near-field exposure mask and a device 
manufacturing method, arranged to be described 
below. 

Specifically, in accordance with an 
aspect of the present invention, there is provided 

10 a near-field exposure method wherein a pressure 

difference is applied to between a front face and 
a rear face of an elastically deformable exposure 
mask to cause deformation of the exposure mask in 
accordance with a substrate to be exposed and to 

15 cause the exposure mask surface to follow a 

surface irregularity state of the substrate so 
that these surfaces are closely contacted to each 
other, for exposure based on near field light, 
characterized in that: the pressure difference 

20 applied to between the front and rear faces of the 
exposure mask is set at a predetermined pressure 
difference corresponding to surface roughness of 
the substrate to be exposed. 

In one preferred form of this aspect of 

25 the present invention, the predetermined pressure 
difference is set at a pressure difference larger 
than a minimum pressure P which is determined to 



wo 2005/015311 '^H^ ^^::T/JP2004/011648 

- 6 - 



satisfy equation (1) below. In relation to maximum 
surface roughness w at a measurement length a of 
the substrate to be exposed: 



p«P , 16^ + (7 ) ...(1) 

3a^(l^v) 

10 wherein h Is a thickness of a thln-fllm mask base 
material, E Is a Young's modulus, v Is a Polsson's 
ratio, Pm Is a pressure difference for roughly 
contacting a first substrate and a second 
substrate with each other, 

15 The predetermined pressure difference 

may be set at a pressure difference larger than 
the minimum pressure P only when the surface 
roughness of the substrate to be exposed Is 
greater than a reachable depth of the near field 

20 light. 

In accordance with another aspect of 
the present Invention, there Is provided a near- 
field exposure apparatus for performing an 
exposure on the basis of near field light, said 
25 apparatus comprising means for holding a thin film 
mask, a pressure container capable of applying a 
pressure to apply a pressure difference to between 



wo 2005/015311 




:T/JP2004/011648 



a front face and a rear face of the thin film mask, 
control means for controlling the pressure 
difference, a stage for holding a substrate to be 
exposed, and a light source, characterized In 
5 that: said control means Is operable to set the 
pressure difference at a predetermined pressure 
difference corresponding to surface roughness of 
the substrate to be exposed. 

In one preferred form of this aspect of 

10 the present Invention, said control means Is 
operable to set the predetermined pressure 
difference at a pressure difference larger than a 
minimum pressure P which Is determined to satisfy 
equation (1) as recited above. In relation to 

15 maximum surface roughness w at a measurement 
length a of the substrate to be exposed. 

The predetermined pressure difference 
can be set at a pressure difference larger than 
the minimum pressure P only when the surface 

20 roughness of the substrate to be exposed is 

greater than a reachable depth of the near field 
light . 

The exposure apparatus may further 
comprise measuring means for measuring surface 
25 roughness of the substrate to be exposed. 

In accordance with a further aspect of 
the present invention, there is provided a near- 
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field exposure mask to be used In an exposure 
process based on near filed light while a pressure 
difference Is applied to between a front face and 
a rear face of an elastlcally deformable exposure 
5 mask to cause deformation In accordance with a 
substrate to be exposed and to cause the mask to 
follow a surface Irregularity state of the 
substrate so that these surfaces are closely 
contacted to each other, wherein the exposure mask 

10 comprises a transparent thln-fllm mask base 

material and a light blocking film formed thereon, 
characterized In that: the thln-fllm mask base 
material has a predetermined thickness determined 
on the basis of surface roughness of the substrate 

15 to be exposed and a pressure difference to be 

applied to between the front and rear faces of the 
mask during the exposure. 



the present Invention, the predetermined thickness 
20 Is set at a thickness smaller than a maximum film 



In one preferred form of this aspect of 



thickness determined to satisfy equations (2a) and 



(2b} below: 




. . (2a) 



7-v 32hE 




(2b) 
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wherein h Is a thickness of a thln-fllm mask base 
material, B Is a Young's modulus, v Is a Polsson's 
ratio, AP Is an applied pressure to be applied 
after the rough contact, and w Is surface 
5 roughness at a measurement length a. 

The predetermined thickness may be set 
at a thickness which is smaller than a smallest 
value of maximum thicknesses determined In 
accordance with equations (2a) and (2b) mentioned 

10 above with reference to those substrate portions, 
respectively, in which portions, among largest 
surface roughnesses at different measurement 
lengths with respect to the substrate to be 
exposed, the value of roughness is greater than a 

15 reachable distance of the near field light. 

In accordance with a yet further aspect 
of the present invention, there is provided a 
device manufacturing method, comprising: a 
preparing step for preparing a substrate for 

20 device production; an applying step for applying a 
photosensitive resist for exposure, to the 
substrate to thereby provide a substrate to be 
exposed; an exposure wherein a pressure difference 
is applied to between a front face and a rear face 

25 of an elastlcally deformable exposure mask to 

cause deformation of the exposure mask relative to 
the substrate to be exposed and to cause the 
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exposure mask surface to follow the surface 
Irregularity state of the substrate to be exposed, 
so that these surfaces are closely contacted to 
each other for exposure based on near field light, 
5 and wherein the pressure difference to be applied 
to between the front and rear faces of the 
exposure mask for the exposure Is set at a 
predetermined pressure difference corresponding to 
surface roughness of the substrate to be exposed; 

10 a developing and etching step for performing 

development and etching to the substrate having 
been exposed; and a process step for performing a 
predetermined process to the substrate in 
accordance with a device to be produced, whereby a 

15 device is produced. 

In accordance with the present 
Invention, it is possible to provide a near-field 
exposure method, a near-field exposure apparatus, 
and a near- field exposure mask by which, when an 

20 elastically deformable exposure mask is deformed 
relative to a substrate to be exposed, for near 
field exposure, the mask can follow the surface 
irregularity of the substrate to be exposed so 
that close contact of them suitable to the near 

25 field exposure can be accomplished. Therefore, a 
resist pattern can be formed very precisely and 
with a good reproducibility. 
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These and other objects, features and 
advantages of the present invention will become 
more apparent upon a consideration of the 
following description of the preferred embodiments 
5 of the present invention taken in conjunction with 
the accompanying drawings . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Figure 1 is a schematic and 
10 diagrammatic view of a general structure of a 

near-field exposure apparatus, for explaining a 

first embodiment of the present invention. 

Figure 2 is a graph for explaining the 

relation between mask displacement Wc and a disk 
15 diameter a where an applied pressure is taken as a 

parameter in the first embodiment of the present 

invention. 

Figure 3 is a schematic view of a 
general structure of a near-field exposure 
20 apparatus, for explaining a second embodiment of 
the present invention. 

Figure 4 is a graph for explaining the 
relation between mask displacement Wc and a disk 
diameter a where a film thickness is taken as a 
25 parameter in a third embodiment of the present 
invention. 
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[BEST MODE FOR CARRYING OUT THE INVENTION] 
Preferred embodiments of the present 
Invention will now be described with reference to 
the attached drawings. Specifically, description 
5 will be made on first, second and third 

embodiments of the present invention, wherein, for 
causing an exposure mask to follow the surface 
irregularity of a substrate to be exposed to 
thereby obtain close contact of them suited to the 

10 near field exposure, the pressure difference to be 
applied to between the front and rear faces of the 
mask is set at a pressure difference corresponding 
to the surface roughness of the substrate to be 
exposed in the first and second embodiment, while 

15 an appropriate mask thickness is set for obtaining 
close contact suited to the near field exposure in 
the third embodiment. 



[First Embodiment] 

20 Figure 1 illustrates the structure of a 

near-field exposure apparatus, for explaining a 
first embodiment of the present invention. 

In Figure 1, denoted at 109 is a light 
source for exposure, and denoted at 104 is a thin 

25 film mask which is elastically deformable. 

Denoted at 107 is a substrate to be exposed, that 
is, a silicon wafer having a resist 114 applied 
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thereto . 

The thin film mask 104 comprises a base 
material 101 made from a transparent thin film 
such as silicon nitride, for example. A metal 
5 thin film 102 (light blocking film) Is formed on 
the base material, while being patterned. There 
Is a support member 103 at the peripheral portion 
of the thln-fllm base material 101. 

In order to produce a pressure 

10 difference between the upper and lower faces of 
the thln-fllm mask 104, there Is a pressure 
container 105 which Is pressure applicable and Is 
closed by a transparent light Introducing window 
106 and the thln-fllm mask 104. The pressure 

15 Inside the container 105 Is controlled by a 
pressure controller 110, and a valve 12 Is 
provided to close It.. 

The substrate 107 to be exposed Is 
fixed on a flat wafer holder 108 by attraction, 

20 and this wafer holder 108 Is fixed on an x-y stage 
113. Denoted at 111 Is a surface roughness 
measuring system for measuring surface roughness 
of the substrate to be exposed. It Is operable to 
measure surface roughness at predetermined 

25 measurement length. 

Next, the sequential procedure of 
analysis for obtaining a predetermined pressure 
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difference corresponding to the surface roughness 
of the substrate to be exposed, in accordance with 
this embodiment, will be explained. 

First, the stage 108 Is moved to place 
5 and stop the wafer at a predetermined position. 

Subsequently, by using the pressure 
controller 110, a positive pressure Pm is applied 
into the pressure container, to swell the mask to 
case it to approximate to the wafer. Here, a 
10 state In which the value of largest surface 
roughness at a measurement length a for the 
surface roughness is w. Is considered. 

The mask being deformed by the pressure 
Pm is lying on a recessed concave portion of the 
15 substrate (having a depth w) , such that, while the 
mask is locally in contact with minute convex 
portions of the substrate, it Is not in contact 
with the whole surface. 

Here, such state is defined as rough 
20 contact. As a model simplifying such rough 

contact, a model in which a circular region having 
a diameter a Is supported at an outer 
circumference and is planar while on the other 
hand the substrate to ,be exposed has a central 
25 portion being concaved from the plane mask surface 
with a depth w. Is used and analysis Is done. 

Prom this state, a pressure AP is 
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applied to the region of the mask, having a 
diameter a. If the central portion of the disk 
having a diameter a displaces by about w in 
response to the pressure application, it can be 
5 considered that the mask surface has a shape 
generally following the wafer surface. 

Thus, if the pressure AP that causes 
such displacement can be identified, such value AP 
itself or a product obtained by multiplying it by 

10 a certain safety factor Cq (e.g., 1.5) taking into 
account the deformation in random shape, may be 
added to the rough contact pressure Pm and the 
resultant may be taken as an applied pressure 
during the exposure. 

15 In this embodiment, the pressure 

difference AP applying a displacement w such as 
described above was calculated as follows. First, 
the deformation shape u(r) of the thin film was 
examined in accordance with a finite element 

20 method, and it was confirmed that the shape 
according to equation (3) below has a good 
approximation to it. Here, r is the distance from 
the center of the disk. 



U (r) —w 



. . • (3) 
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A bending distortion energy V corresponding 
to this shape can be expressed by equation (4) 
below. 



1 6 7tD 

V« — ...(4) 



Here, D Is the flexural rigidity of the 
10 thin film, and It can be defined by equation (5) 
below. 



15 



25 



...(5) 

1 2 



Also, as regards the distortion energy 
Vi due to elongation of the central surface, a 
calculus of variation was applied and equation (6) 
20 below was obtained. 



27CD (7 + 6 v-v^) 
V^^ — ...(6) 



In this manner, by applying the 
principle of virtual displacement to the 
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distortion energy as represented by V+Vi, an 
equation regarding the flexure Is obtainable. 
Solving this, equation (7a) below was obtained. 
In this equation, h Is the thickness of the thln- 
fllm mask base material, E Is the Young's modulus, 
V Is the Polsson's ratio. Alternatively, equation 
(7b) additionally Including a safety factor Cq may 
be used. 



10 



3a*(l-v) ...(7a) 
3a*(l~v) ...(7b) 



15 



The pressure Pm for approximating the 
mask and the wafer to each other also depends on 
the thickness of the base material and the 

20 material constant and, furthermore. It depends on 
the mask-to-wafer distance before the pressure 
application. While this quantity can be derived 
by calculation, the approximating action of the 
mask and the wafer may be monitored and. In that 

25 occasion, the quantity can be acquired at once. 

The pressure difference AP obtained from equation 
(3) Is added to pressure Pm having been determined 
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In accordance with any one of the above -described 
methods, and the result Is taken as a lower- limit 
set value Plow for the pressure to be applied to 
the mask. By applying a pressure not lower than 
5 the lower- limit set value Piowr the distance 

between the mask and the wafer can be reduced and 
good close-contact state can be accomplished. 



corresponds to the difference between a maximum 
10 point of displacement and a minimum point of 
displacement from a reference line within a 
measurement length. This is a quantity which 
depends on the measurement length, and also it is 
a statistical value which varies with wafers. 
15 On the other hand, the displacement 

amount w of the mask due to the pressure 
application is also a quantity that depends on the 
diameter of the disk considered here, that is, the 
measurement length for roughness . Since each of 
20 these quantities comprises a set of a plurality of 
quantities, comparison using a graph such as shown 
in Figure 2 and to be described blow may 
effectively be made to choose AP. 



25 respect to w, and equations (8a) and {8b) are 

obtained. Equation (8b) is used to R(a, h, P) in 
equation (8a). By using this, as shown in Figure 



Here, the largest surface roughness 



First, equation (7) is solved with 
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2, the displacement amount w at the mask center Is 
plotted with reference to the diameter a of the 
model disk. Figure 2 illustrates a calculation 
example with respect to a silicon nitride film of 
5 a thickness 0.5 nm. 



» . . (8a, 

^ 7~v[R(fl.A.i>)]i/3 3 



7-v32hE \ [7-v32hE) 



hE) " 



(8b) 



15 From the foregoing description. It Is 

seen that. If the largest roughness w+3s (s Is the 
standard deviation of the roughness) at respective 
measurement lengths under an applied pressure AP 
is smaller than Wq (a, h, AP), the mask and the 

20 wafer can follow each other. 

Further, where values of surface 
roughness obtained with different measurement 
lengths are plotted in the same figure and, if all 
of them are Included in a meshed region, then it 

25 is seen that the mask and the wafer can be brought 
into good contact with each other. 

Although the near field light depends 
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on the pattern of opening, since It can reach up 
to a region of tens nanometers, near field 
exposure can be carried out to a surface 
Irregularity not larger than 10 nm, for example, 
5 without a substantial Influence. In consideration 
of this, the surface roughness measurement length 
a Is made shorter and shorter and. If there Is a 
length with which the largest surface roughness 
becomes not greater than 10 nm, then the surface 

10 roughness In a region narrower than that length 

can be disregarded since It does not substantially 
and adversely affect the near field exposure. 

In this embodiment, the pressure 
controller 110 Is controlled to apply a pressure 

15 difference, determined In the manner described 

above, to between the front and rear faces of the 
thln-fllm mask. Then, the valve 112 Is closed to 
hold the pressure. Light from the light source 
109 Is then projected onto the thln-fllm mask 104 

20 through the Introducing window 106, whereby the 
resist film on the wafer 107 Is exposed. 

In accordance with this embodiment 
wherein a pressure difference such as described 
above Is applied and near field exposure Is 

25 carried out on the basis of it, the mask can be 

deformed to follow the wafer in accordance with a 
pressure corresponding to the surface roughness of 
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the wafer. As a result, a resist pattern can be 
produced with a good precision. Further, since It 
Is no more necessity to apply an unnecessarily 
large pressure difference to the mask, unnecessary 
5 deformation of the mask can be avoided and 

distortion of a pattern to be transferred can be 
reduced. Thus, high pattern reproducibility can 
be attained. 



10 exposure process described in this embodiment, a 
developing and etching process may be done to the 
exposed substrate and, thereafter, a predetermined 
process or processes corresponding to devices to 
be produced on a silicon wafer, for example, may 

15 be performed, whereby devices such as 

semiconductor devices, optical devices, or quantum 
devices, for example, can be manufactured. 

[Second Embodiment] 
20 Figure 3 shows the structure of an 

exposure apparatus according to a second 
embodiment of the present invention. 



source for exposure, and denoted at 204 is a thin 
25 film mask which is elastically deformable. 

Denoted at 209 is a substrate to be exposed, that 
is, a silicon wafer having a resist applied 



Furthermore, in addition to the 



In Figure 3, denoted at 211 is a light 
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thereto . 

The thin film mask 204 comprises a base 
material 201 made from a transparent thin film 
such as silicon nitride, for example. A metal 
5 thin film 202 (light blocking film) Is formed on 
the base material, while being patterned. There 
Is a support member 203 at the peripheral portion 
of the thln-fllm base material 201. 

In order to produce a pressure 

10 difference between the upper and lower faces of 

the thln-fllm mask 204, the thln-fllm mask 204 and 
a pressure container 205 as well as a container 
cover 206 are assembled by use of O-rlngs 207 and 
208. Inside of the container Is a closed space 

15 which Is pressure applicable, and the Inside 
pressure of the container Is controlled by a 
pressure controller 212, and a valve 213 Is 
provided to close It . 

The substrate 20 9 to be exposed Is 

20 fixed, by attraction, on a flat wafer holder 108 
which Is mounted on an x-y stage 210. The stage 
210 Is moved to place and stop the wafer at a 
predetermined position. Then, by using the 
pressure controller 212, the Inside pressure of 

25 the pressure container Is reduced to swell the 
thln-fllm mask 204 to case It to approximate to 
the wafer. 
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By controlling the pressure controller 
212, a pressure difference corresponding to the 
surface roughness of the mask is applied to 
between the front and rear faces of the mask, in a 
5 similar manner as the first embodiment, and then 
the valve 213 is closed to hold the pressure. In 
this state, light from the light source 211 is 
projected onto the thin-film mask 204, whereby the 
resist film on the wafer 209 is exposed. 

10 In accordance with this embodiment 

wherein a pressure difference such as described 
above is applied and near field exposure is 
carried out on the basis of it, the mask can be 
deformed to follow the wafer in accordance with a 

15 pressure corresponding to the surface roughness of 
the wafer. As a result, a resist pattern can be 
produced with a good precision. Further, since it 
is no more necessity to apply an unnecessarily 
large pressure difference to the mask, unnecessary 

20 deformation of the mask can be avoided and 

distortion of a pattern to be transferred can be 
reduced. Thus, high pattern reproducibility can 
be attained. 



25 [Third Embodiment] 

In accordance with a third embodiment 
of the present invention, the thickness of a near 
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field mask Is set at a thickness appropriate for 
obtaining close contact suited to the near field 
exposure, on the basis of the surface roughness of 
the substrate to be exposed and of the pressure 
5 difference to be applied to between the front and 
rear faces of the mask during the exposure. 

Once the surface roughness of the 
substrate to be exposed, to be used for near field 
exposure as well as the pressure AP to be applied 

10 for the close contact after the rough contact are 
determined, the film thickness of the thln-fllm 
mask base material corresponding to them can be 
designed. In the manner to be described below. 

Figure 4 Illustrates the relationship 

15 between the mask displacement amount Wc and the 
diameter a of the model disk, wherein the mask 
displacement amount Wo Is plotted with reference 
to the disk diameter a. The parameter In this 
example Is the film thickness of the thln-fllm 

20 mask base material. The pressure was 10 kPa. 

Figure 4 Is an example of calculation to a silicon 
nitride film, using equations (8a) and (8b) 
described with reference to the first embodiment. 

If the largest roughnesses w-i-3s (s is 

25 the standard deviation of the roughness) at 

respective measurement lengths are smaller than Wq 
(a, h, AP), the mask and the wafer can follow each 
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Other. The values of roughness corresponding to 
various measurement lengths are plotted In Figure 
4, and a curve that passes above all the plotted 
points Is chosen. It Is seen that, by using such 
5 film thickness, the mask and the wafer can follow 
each other In response to the application of a 
predetermined pressure AP. Namely, among 
aggregations of largest surface roughnesses each 
being determined In relation to a few measurement 

10 lengths, equations may be referred to with respect 
to one or those aggregations having a value larger 
than the reachable length of the near field light, 
and a smallest value in the aggregation of the 
largest film thickness is chosen. Then, a film 

15 thickness smaller than the so selected value, may 
be designed. 

Alternatively, if it is predetected 
that the surface roughness Increases, as compared 
with the initial state, in the latter half of a 

20 process Involving plural times of exposure 

operations, for example. Figure 4 which is a plot 
view based on equations (8a) and (8b) may be 
referred to and the mask thickness to be used in 
the first half of the process and the mask 

25 thickness to be used in the second half of the 
process may be made different from each other. 
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[INDUSTRIAL APPLICABILITY] 

According to the present Invention, It 
Is possible to provide a near-field exposure 
method, a near-field exposure apparatus, a near- 
5 field exposure mask and/or a device manufacturing 
method, by which, for performing near field 
exposure while deforming an elastlcally deformable 
exposure mask In accordance with a substrate to be 
exposed, the mask can be controlled to follow the 
10 surface Irregularity of the substrate to be 

exposed such that close contact suited to the near 
field exposure can be attained. 



While the Invention has been described 
15 with reference to the structures disclosed herein. 
It Is not confined to the details set forth and 
this application Is Intended to cover such 
modifications or changes as may come within the 
purposes of the Improvements or the scope of the 
20 following claims. 
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CLAIMS 

1. A near-field exposure method wherein a 
5 pressure difference Is applied to between a front 
face and a rear face of an elastlcally deformable 
exposure mask to cause deformation of the exposure 
mask In accordance with a substrate to be exposed 
and to cause the exposure mask surface to follow a 

10 surface Irregularity state of the substrate so 

that these surfaces are closely contacted to each 
other, for exposure based on near field light, 
characterized In that: 

the pressure difference applied to 

15 between the front and rear faces of the exposure 

mask Is set at a predetermined pressure difference 
corresponding to surface roughness of the 
substrate to be exposed. 

20 2. A method according to Claim 1, wherein 

the predetermined pressure difference Is set at a 
pressure difference larger than a minimum pressure 
P which Is determined to satisfy equation (1) 
below. In relation to maximum surface roughness w 

25 at a measurement length a of the substrate to be 
exposed: 
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3a^(l-v) 



..(1) 



wherein h Is a thickness of a thln-fllm mask base 
material, E Is a Young's modulus, v Is a Polsson's 
ratio, Pm Is a pressure difference for roughly- 
contacting a first substrate and a second 
10 substrate with each other. 



3 . A method according to Claim 2 , wherein 
the predetermined pressure difference Is set at a 
pressure difference larger than the minimum 

15 pressure P only when the surface roughness of the 
substrate to be exposed Is greater than a 
reachable depth of the near field light. 

4. A near-field exposure apparatus for 

20 performing aii exposure on the basis of near field 
light, said apparatus comprising means for holding 
a thin film mask, a pressure container capable of 
applying a pressure to apply a pressure difference 
to between a front face and a rear face of the 

25 thin film mask, control means for controlling the 
pressure difference, a stage for holding a 
substrate to be exposed, and a light source. 
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Characterized in that: 

said control means Is operable to set 
the pressure difference at a predetermined 
pressure difference corresponding to surface 
5 roughness of the substrate to be exposed. 



5. An apparatus according to Claim 4, 
wherein said control means Is operable to set the 
predetermined pressure difference at a pressure 

10 difference larger than a minimum pressure P which 
Is determined to satisfy equation (1) as recited 
In Claim 2, In relation to maximum surface 
roughness w at a measurement length a of the 
substrate to be exposed. 

15 

6. An apparatus according to Claim 5, 
wherein the predetermined pressure difference can 
be set at a pressure difference larger than the 
minimum pressure P only when the surface roughness 

20 of the substrate to be exposed Is greater than a 
reachable depth of the near field light. 



7. An apparatus according to any one of 
Claims 4-6, further comprising measuring means 
25 for measuring surface roughness of the substrate 
to be exposed. 
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8. A near-field exposure mask to be used 
In an exposure process based on near filed llgbt 
while a pressure difference Is applied to between 
a front face and a rear face of an elastlcally 
5 deformable exposure mask to cause deformation In 
accordance with a substrate to be exposed and to 
cause the mask to follow a surface Irregularity 
state of the substrate so that these surfaces are 
closely contacted to each other, wherein the 

10 exposure mask comprises a transparent thln-fllm 
mask base material and a light blocking film 
formed thereon, characterized In that: 

the thin -film mask base material has a 
predetermined thickness determined on the basis of 

15 surface roughness of the substrate to be exposed 

and a pressure difference to be applied to between 
the front and rear faces of the mask during the 
exposure. 

20 9. A near-field exposure mask according to 

Claim 8, wherein the predetermined thickness is 
set at a thickness smaller than a maximum film 
thickness determined to satisfy equations (2a) 
and(2b) below: 



25 
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^ ' ' ^ 7-v 32/i£ ^ 32hE ) 



(2b) 



wherein h is a thickness of a thin-film mask base 
material, E is a Young's modulus, v is a Poisson's 
10 ratio, AP is an applied pressure to be applied 
after the rough contact, and w is surface 
roughness at a measurement length a. 



10 • A near-field exposure mask according to 
15 Claim 9, wherein the predetermined thickness is 
set at a thickness which is smaller than a 
smallest value of maximum thicknesses determined 
in accordance with equations (2a) and (2b) 
mentioned above with reference to those substrate 
20 portions, respectively, in which portions, among 
largest surface roughnesses at different 
measurement lengths with respect to the substrate 
to be exposed, the value of roughness is greater 
than a reachable distance of the near field light. 

. 25 



11. A device manufacturing method, 
comprising: 
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a preparing step for preparing a 



substrate for device production; 



an applying step for applying a 



photosensitive resist for e^cposure, to the 
5 substrate to thereby provide a substrate to be 
exposed; 



difference Is applied to between a front face and 
a rear face of an elastlcally deformable exposure 
10 mask to cause deformation of the exposure mask 
relative to the substrate to be exposed and to 
cause the exposure mask surface to follow the 
surface Irregularity state of the substrate to be 
exposed, so that these surfaces are closely 

15 contacted to each other for exposure based on near 
field light, and wherein the pressure difference 
to be applied to between the front and rear faces 
of the exposure mask for the exposure Is set at a 
predetermined pressure difference corresponding to 

20 surface roughness of the substrate to be exposed; 



25 predetermined process to the substrate In 

accordance with a device to be produced, whereby a 
device Is produced. 



an exposure wherein a pressure 



a developing and etching step for 



performing development and etching to the 



substrate having been exposed; and 



a process step for performing a 
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